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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an abrasive which can polish a metal film for a circuiting 
material or a barrier metal at a rate necessary for the production of a semicon ductor device 
without causing a minute defect called scratch or a hollow called dishing on the surface of the 
metal film after polishing in a step for polishing a metal film for a circuiting material constituting 
a semiconductor device and does not cause troubles such as sedimentation of flocculation of 
abrasive particles during polishing treatment or storage, and to provide a polishing method using 
said abrasive. 

SOLUTION: This abrasive for the production of a semiconductor device comprises a resin 
particle comprising a polymer obtained by the emulsion polymerization of ethylenic unsaturated 
monomers using neither an emulsifier nor a dispersant, and an inorganic compound, and is used 
for the purpose of polishing a metal film. The method for polishing comprises a step using the 
abovementioned abrasive in a step for polishing a metal film in the production of a 
semiconductor device. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]Abrasive soap for semiconductor device manufacture used for a use which grinds a 
metal membrane including particles which consist of a resin particle which consists of a polymer 
obtained by an emulsion polymerization of an ethylenic unsaturated monomer which uses neither 
an emulsifier nor a dispersing agent, and an inorganic compound. 

[Claim 2]The abrasive soap according to claim 1 whose particle which consist of inorganic 
compounds is a silica particle. 

[Claim 3]A grinding method using abrasive soap of claim 1 or claim 2 on a process of grinding a 
metal membrane at the time of semiconductor device manufacture. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the InventionjThis invention relates to the grinding method which used the abrasive 
soap for semiconductor device manufacture, and this abrasive soap, the wiring material in which 
this invention constitutes a semiconductor device in detail — public funds — in the process of 
grinding a group film, Neither the minute crack called a scratch to the metal membrane surface 
after polish nor the dent called dishing is generated, The metal membrane for wiring materials 
and a barrier meta! can be ground at a speed required for semiconductor device manufacture, 
and it is related with the grinding method using the abrasive soap which an abrasive grain child 
does not make generate the problem of segmenting and condensing during grinding treatment 
and storage, and this abrasive soap. 
[0002] 

[Description of the Prior Art]In recent years, research and development in various ultra-fine 
processing technology for high integration of a semiconductor device and highly-efficient-izing is 
done, for high integration of a semiconductor device, and highly-efficient-izing, it is effective to 
make each element like a transistor small, simultaneously to also form thinly the wiring whioh 
connects between the element, and to make it multilayer structure. However, since unevenness 
on the surface of a device becomes intense when wiring structure is multilayered simply, the 
problem of being unable to perform metallic wiring processing formed on it as a design, or 
causing an open circuit and a short circuit during long term use occurs, the chemical mechanical 
polishing method (chemical mechanical polishing.) which grinds the generated unevenness with 
abrasive soap (a slurry may be called below) and abrasive cloth (a pad may be called below) and 
to which flattening is carried out as a means for solving these problems following CMP — 
omitting — it is observed. On the surface of the insulator layer which forms membranes in 
multilayer interconnection structure especially after forming lower layer wiring. If a CMP process 
is adopted at the process of forming beforehand a connecting hole with lower layer wiring, and 
the slot used as upper wiring, and forming a metal membrane after that, embedding metal in a 
connecting hole or the slot for wiring, and removing a metal membrane unnecessary after that, A 
semiconductor device manufacturing process is very short, and since it can manufacture by low 
cost, the semiconductor device maker is examining this manufacturing process energetically. It 
seems that aluminum (aluminum) and Cu (copper) which have low electrical resistance into the 
material used for metallic wiring will be the mainstream from a viewpoint of improvement in the 
speed of a semiconductor device on the other hand from now on, and the above-mentioned CMP 
process using these metal is examined actively. Generally the slurry which made inorganic 
particles, such as alumina and silica, distribute underwater is mainly examined by CMP of such a 
metal membrane. However, since aluminum and metal like Cu have low hardness, they tend to 
generate the problem that a crack (a scratch is called below) will occur on the metal membrane 
surface if it grinds by an inorganic particle with high hardness, or an abrasive grain child is 
embedded at a metal membrane. In the metal membrane embedded in the wide slot or the 
connecting hole of the big diameter, polishing time is lengthened, or when the pressure applied at 
the time of polish is too strong, it is easy to generate dishing to which the thickness of the 
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central part becomes thin. If dishing occurs, the wiring resistance of the portion will be made to 
increase, or an open circuit will be caused, and it will become a cause of the fall of reliability, or a 
fall of the yield of a product. The slurry by an inorganic particle will sediment during grinding 
treatment and storage at the inside of piping, or a container bottom, when it condenses, it is 
easy to precipitate and an abrasive grain child with large specific gravity and particle diameter is 
used. When the condensed slurry is used for polish as it was, a problem produces the particles 
which became large [ particle diameter ] by condensation also at the stability of polish from 
generating a scratch or slurry concentration becoming uneven. The slurry using the particles 
which consist of organic resin softer than a metal membrane as a means to prevent the scratch 
generated when grinding a metal membrane, and to prevent condensation and sedimentation of 
an abrasive grain child as an abrasive grain child etc. are examined. However, it is difficult for 
polishing speed to be slow and to end polish within processing time required for semiconductor 
device manufacture in the slurry which distributed underwater the particles etc. which consist of 
these soft organic resin, in many cases. There is the method of adding a chemical agent into 
which the surface of a metal membrane is made to etch as a means which raises the polishing 
speed of the slurry using the particles which consist of such organic resin. However, in addition 
of these chemical agents, although polishing speed improves, the problem that the metal 
membrane surface is ruined by etching, or dishing in wiring or a connecting hole becomes more 
intense may occur. Between metallic wiring and an insulator layer, adhesion with an insulator 
layer may be raised and materials, such as titanium and titanium nitride, may be formed thinly as 
a barrier metal for the purpose of preventing wiring material metal from being spread in an 
insulator layer. Although these barrier metals also need to remove portions other than wiring or a 
connecting hole, these barrier metals may be unable to be ground in neither the slurry by organic 
resin, nor the slurry which consists of organic resin and a chemical agent. As abrasive soap 
containing a resin particle and the particles which consist of inorganic compounds, the abrasive 
soap for semiconductor wafers adding a polyolefin system particle material 0.01 to 1% of the 
weight to silica containing abrasive is proposed by JP.9-7987A for example. However, the 
object of polish by this method is a silicon wafer. 

And it is indicated that it is abrasive soap for attaching unevenness to a wafer back face, and 
the purpose does not aim at using for metallic wiring formation of the semiconductor device 
process which is the purpose of this invention. 

[0003] _ [ 

[Problem(s) to be Solved by the Invention]In view of this actual condition, the issue which this 
invention tends to solve, In the process of grinding the wiring material which constitutes a 
semiconductor device in a CMP process, The metal membrane surface after polish is not made 
to generate problems, such as a scratch and dishing. A metal membrane and a barrier metal can 
be ground at a speed required for semiconductor device manufacture, and it consists in the point 
of providing the grinding method using the abrasive soap which an abrasive grain child does not 
make also generating the problem of condensing and precipitating during grinding treatment and 
storage, and this abrasive soap. 
[0004] 

[Means for Solving the Problem]This invention persons in a resin particle which can polymerize 
by various methods, A resin particle which consists of a polymer obtained by an emulsion 
polymerization which uses neither an emulsifier of an ethylenic unsaturated monomer, nor a 
dispersing agent, That particles which consist of inorganic compounds are included does riot 
make the metal membrane surface after polish generate problems, such as a scratch and dishing, 
A metal membrane and a barrier metal could be ground at a speed required for semiconductor 
device manufacture, and it found out that an abrasive grain child did not generate a problem of 
condensing and precipitating during grinding treatment and storage, and resulted in this invention. 
That is, an invention of one relates to abrasive soap for semiconductor device manufacture 
which grinds a metal membrane including particles which consist of a resin particle which 
consists of a polymer obtained by an emulsion polymerization of an ethylenic unsaturated 
monomer which uses neither an emulsifier nor a dispersing agent, and an inorganic compound 
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among this inventions. In a process of grinding a metal membrane at the time of semiconductor 
device manufacture, other inventions relate to a grinding method using the above-mentioned 
abrasive soap among this inventions. 
[0005] 

[Embodiment of the Invention]As an ethylenic unsaturated monomer which is a raw material of 
the resin particle which constitutes the abrasive soap in this invention, Aromatic vinyl, such as 
styrene, vinyltoluene, and alpha-methylstyrene; Butadiene, Conjugated diene system compounds, 
such as isoprene; Vinylic halide; ethylene; vinyl acetate, such as VCM/PVC and a vinylidene 
chloride, Vinyl propionate, butanoic acid vinyl, vinyl pivalate, lauryl acid vinyl, Vinyl ester, such as 
BASA tic acid vinyl; (meta) Methyl acrylate, (Meta) Ethyl acrylate, butyl acrylate (meta), 2- 
ethyihexyl acrylate (meta), (Meta) Acrylic acid afkyl ester, such as acrylic acid lauryl and acrylic 
acid (meta) stearyl (meta); Dibutyl maleate, Ester maleate, such as itaconic acid monobutyl, 
fumarate ester, Itaconic acid ester; alpha, such as acrylic acid, methacrylic acid, crotonic acid, 
itaconic acid, maleic acid, fumaric acid, and a maleic anhydride, beta-ethylenic-unsaturated- 
carboxylic-acid; (meta) acrylonitrile, etc. can be illustrated. These ethylenic unsaturated 
monomers may be polymerized independently, or copolymerization may be carried out to at least 
one or more kinds of other above-mentioned ethylenic unsaturated monomers. It is also possible 
to use polyfunctional monomers containing an amide group, a hydroxyl group, a methoxy group, a 
glycidyl group, etc., such as poly (meta) acrylate, such as a functional monomer and 
trimethylolpropanetrimethacrylate, and divinylbenzene. if needed. 

[0006]The resin particle which constitutes the abrasive soap in this invention consists of a 
polymer obtained by the emulsion polymerization of the ethylenic unsaturated monomer which 
uses neither an emulsifier nor a dispersing agent. That is, it is obtained by the emulsion 
polymerization which does not use emulsifiers or dispersing agents, such as a nonionic surface- 
active agent, a cationic surface-active agent, an anionic surface-active agent, and an ampholytic 
surface active agent, By using such a resin particle, the effect that the slurry produced by mixing 
with an inorganic particle can grind a metal membrane and a barrier metal at a speed required for 
semiconductor device manufacture can be acquired, as the method of an emulsion 
polymerization, there is no restriction in particular except for the point which uses neither an 
emulsifier nor a dispersing agent, for example, the addition method into the polymerization 
system of a monomer may add the whole quantity of a monomer first, and may polymerize 
dividing addition — continuation addition may be carried out and it may polymerize. Similarly 
restriction in particular does not have the addition method of a polymerization initiator. 
[0007]It is possible to generate a free radical, and to use all as a polymerization initiator used for 
an emulsion polymerization, if it is a compound of ionic dissociation nature, and potassium 
persulfate, sodium persulfate, ammonium persulfate, a 2,2-azobis (2-amidinopropane) 
hydrochloride, etc. are illustrated. Or It is good also as a redox system combined with these and 
reducing agents, such as L- D-ascorbic acid, sulfite salt, a Rongalite, and ferrous sulfate. 
[0008]Too little [ polymerization initiator concentration is required 0.05% of the weight or more to 
a monomer, and / this polymerization initiator concentration ] grain child's stability gets worse. 
Polymerization temperature is usually 30-100 **, and is 40-80 ** preferably. The particle 
diameter and particle size distribution of a resin particle are controllable by operation of 
polymerization initiator concentration, monomer composition, the addition method of a monomer, 
stirring conditions, etc, As for the mean particle diameter of a resin particle, it is preferred that it 
is 1 micrometer or less. The abrasive grain child in polishing agent slurry sediments easily that 
this mean particle diameter is excessive, and it is not suitable for prolonged preservation. The 
chain transfer agent and pH adjuster which are usually used at the time of a polymerization may 
be used. As for raw materials, such as a polymerization initiator added in a polymerization 
system, when it takes into consideration that abrasive soap is used for a semiconductor device 
manufacturing process, what is not meta! salt is preferred. Although silica, alumina, cerium oxide, 
manganese dioxide, zirconia, etc. are raised as particles which consist of an inorganic compound 
which constitutes the abrasive soap in this invention on the other hand, Hardness is softer than 
other inorganic particles, and are hard to make a metal membrane generate a scratch, and to 
water, since specific gravity is near, Since the shape of the particles which the silica particle was 
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preferred, and were cheap also especially in process, and were manufactured from a viewpoint of 
being hard to sediment is close to a globular form, the viewpoint of being hard to generate a 
scratch to colloidal silica is more preferred. 

[0009]The concentration of the resin particle in the abrasive soap of this invention, and an 
inorganic particle, It is desirable for the weight % concentration of an inorganic particle to be 
equal to the weight % concentration of a resin particle, or to be the concentration not more than 
it, and it is more desirable that it is equivalent weight % concentration from a viewpoint that a ^ 
metal membrane and a barrier metal can be ground at a speed required for semiconductor device 
manufacture. When the concentration of an inorganic particle is higher than the concentration of 
a resin particle, a scratch may occur on the metal membrane surface after polish, and 
manufacture of a reliable semiconductor device may become difficult. As for the concentration 
of the resin particle in the abrasive soap of this invention, 1 to 10 % of the weight is preferred, 
below the same concentration of the concentration of an inorganic particle is also preferred, and 
it is more preferred that it is the same concentration. When this concentration is too low, there 
is a case where it becomes impossible to have sufficient polishing speed, on the other hand, 
even if this concentration is too high, the further polish performance may improve and only the 
manufacturing cost as abrasive soap may increase. A film, a pure Cu film, a tungsten film, a 
titanium film, a titanium nitride, a tantalum layer, a tantalum nitride, etc. which consist of an alloy 
which uses aluminum, such as a pure Al film, an AlSiCu alloy, and an AlCu alloy, as the main 
ingredients as a polishing object film of the abrasive soap for semiconductor device manufacture 
of this invention are raised. They are the film which consists of an alloy which uses as the main 
ingredients especially aluminum which is the wiring materials in a semiconductor device, such as 
a pure Al film, an AlSiCu alloy, and an AlCu alloy, preferably as a polishing object film, a pure Cu 
film, a tungsten film, a titanium film that is barrier materials, a titanium nitride, etc. 
[0010]Since the abrasive soap for semiconductor device manufacture of this invention can be 
used for polish in the broad pH range from acidity to alkalinity, it can also add and grind a 
chemical agent and an oxidizer which are not made to generate a scratch, dishing, etc. according 
to the kind of polishing object fiim. 
[0011] 

[Example]Although an example explains this invention below, this invention is not limited to these 
examples. 

After putting the ultrapure water 300g into Example 1 preparation of resin emulsion> 
thermoregulator, and the 500~m! reactor which has an agitator and carrying out temperature up 
to 80 **, nitrogen gas replaced the inside of a reactor. After supplying ammonium persulfate 
solution to a reactor as a polymerization initiator, the resin emulsion which supplied the 
monomeric mixture of 80 g of methyl methacrylate and 3.2 g of divinylbenzene with constant 
speed over 4 hours, and the polymer particle of methyl methacrylate distributed was obtained. 
The particle concentration of the methyl methacrylate polymer in the obtained emulsion was 20.6 
% of the weight, by microscope observation, this resin particle is 0.2 micrometer in mean particle 
diameter — it was spherical and the aggregate of particles was not observed. 
The resin emulsion preparation [ abrasive soap ]> Obtained, colloidal silica (mean particle 
diameter of 0.06 micrometer) as an inorganic particle, and hydrogen peroxide as an oxidizer were 
prepared so that it might become the presentation of Table 1 . 

[0012]The abrasive soap which mixed ammonium fluoride as a chemical agent which adds the 
organic resin independent abrasive soap obtained by preparation of the comparative example 1 - 
the 3 above-mentioned resin emulsion for the improvement in polish of the comparative example 
2 and organic resin by abrasive soap the comparative example 1 and colloidal silica independent 
[ above-mentioned ] is made into the comparative example 3, It prepared so that it might 
become the presentation of Table 1 respectively. 

Using the abrasive soap of the <po!ishing speed measurement of Al film, Ti film, and insulator 
layer> above, the Al film as a metallic wiring material, the Ti film as a barrier metallic film, and the 
Si0 2 film as an insulator layer were formed on the silicon wafer, and the polishing speed to each 
film was measured. 
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[Polishing condition] 

Grinder: MECAPOL P200 (PRESI) 

polishing pad: — number-of-rotations [ of a nonwoven fabric type rotary surface plate ]: — 
number-of-rotations [ of a 500 rpm wafer holding stand ]: — 75-rpm polishing pressure: — 200 
g/cm 2 polishing slurry flow: — a part for 55-ml/— polishing time: — a result is shown in Table 1 
for 1 minute. In polish by the slurry which mixed the resin particle and the silica particle, the 
polishing speed to an Al film was quick, and polish of an Al film and a Ti film was completed on 
the equivalent level as for it from the result of Table 1 . The scratch was not observed on the 
surface aRer polish. However, in a resin particle independent slurry, an Al film and a Ti film were 
hardly ground, but the silica particle independent slurry of the polishing speed of the Al film was 
also insufficient. In the resin slurry which mixed the chemical agent, although good polishing 
speed was obtained to the Al film, it was checked that the polishing speed of a Ti film is slow. 
[0013]Stirring mixing of 120 g of methyl methacrylate and 4.8 g of the divinylbenzene was carried 
out as a comparative example 4 preparation of resin emulsion> emulsifier as the lauryl 
ammonium sulfate 3.6g, the ultrapure water 60g, and a monomer, and monomer emulsified liquid 
was prepared. After putting the ultrapure water 204g into a thermoregulator and the 500-ml 
reactor which has an agitator next and carrying out temperature up to 75 **, nitrogen gas 
replaced the inside of a reactor. The monomer emulsified liquid 2g prepared previously is 
supplied, ammonium persulfate solution was continuously supplied to the reactor as a 
polymerization initiator, and the monomer was made to react to it. Then, the resin emulsion 
which supplied the remainder of the monomer emulsified liquid prepared previously with constant 
speed over 4 hours, and the methyl methacrylate polymer particle distributed was obtained. The 
particle concentration of the methyl methacrylate polymer in the obtained emulsion was 30.7 % 
of the weight, by microscope observation, this resin particle is 0.2 micrometer in mean particle 
diameter — it was spherical and the aggregate of particles was not observed. 
The resin emulsion preparation [ abrasive soap ]> Obtained, colloidal silica (mean particle 
diameter of 0.06 micrometer) as an inorganic particle, and hydrogen peroxide as an oxidizer were 
prepared so that it might become the presentation of Table 1. 

Using the abrasive soap of the <polishing speed measurement of Al film and Ti film> above, the 

Al film as a metallic wiring material and the Ti film as a barrier metallic film were formed on the 

silicon wafer, and the polishing speed to each film was measured. 

[Polishing condition] 

It is the same as Example 1. 

A result is shown in Table 1. From the result of Table 1, it was checked that the polishing speed 
of an Al film is quicker than the slurry with which the direction of the slurry which mixed the 
resin particle obtained by the emulsion polymerization of Example 1 and the silica particle mixed 
the resin particle obtained by the emulsion polymerization using an emulsifier and the silica 
particle. 
[0014] 
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[0015]The Al wiring pattern wafer which formed membranes on Example 2 and the comparative 
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example 5 wafer was ground, and the dishing depth after polish was measured. First, an Al film 
pattern wafer forms 5000A of oxide films, forms two or more slots a depth of 5000 A, and 5.0 
micrometers in width through a lithography step and an etching process on a wafer, and on it 500 
A of TiN films, It is a thing of the structure which embedded the metal membrane to the inside of 
a slot by forming 10000A of Al films. After grinding about the metal membrane which formed 
membranes into portions other than a slot using the slurry of the presentation shown in Table 2, 
the depth of dishing generated in a part for a slot was measured with the sensing pin-type level 
difference meter. 
[Polishing condition] 
Grinder: MECAPOL E460 (PRESI) 

polishing pad: — number-of-rotations [ of a polyurethane type rotary surface plate ]: — 
number-of-rotations [ of a 40 rpm wafer holding stand ]: — 40-rpm polishing pressure: — 350 
g/cm 2 polishing slurry flow: — a measurement result is shown in Table 2 by 75-ml/ . 



[0016] 
[Table 2] 
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By the mixed slurry of a resin particle and a silica particle, being improved substantially was 
checked from the result of Table 2 to big dishing having occurred at the mixed slurry of a resin 
particle and a chemical agent. 
[0017] 

[Effect of the Invention]the wiring material which constitutes a semiconductor device by this 
invention as explained above — public funds — in the process of grinding a group film, Neither 
the minute crack called a scratch to the metal membrane surface after polish nor the dent called 
dishing is generated, The metal membrane for wiring materials and the barrier metal could be 
ground at a speed required for semiconductor device manufacture, and the grinding method using 
the abrasive soap which an abrasive grain child does not make generate the problem of 
sedimenting and condensing during grinding treatment and storage, and this abrasive soap was 
able to be provided. 



[Translation done.] 
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